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PRESSURE CONTROL VALVE WITH FLOW 
RECOVERY 

TECHNICAL FIELD 

The present invention relates to actuators for use princi 
pally With internal combustion engines. More particularly, 
the present invention relates to hydraulic actuation of 
actuators, including fuel injectors and camless engine 
intake/exhaust valves. 

BACKGROUND OF THE INVENTION 

A prior art hydraulically actuated, intensi?ed injection 
system (commonly a HEUI injection system) 10 is depicted 
in prior art FIG. 1 and consists of ?ve major components: 

1. Electronic Control Module (ECM) 20 
2. Injector Drive Module (IDM) 30 
3. High Pressure actuating ?uid supply pump 40 
4. Rail Pressure Control Valve (RPCV) 50 
5. HEUI Injectors 60 

Electronic Control Module (ECM) 20 
The ECM 20 is a microprocessor Which monitors various 

sensors 22 from the vehicle and engine as it controls the 
operation of the entire fuel system 10. Because the ECM 20 
has many more operational inputs than a mechanical 
governor, it can determine optimum fuel rate and injection 
timing for almost any condition. Electronic controls such as 
this are absolutely essential in meeting standards of eXhaust 
emissions and noise. 
Injector Drive Module (IDM) 30 

The IDM 30 is communicatively coupled to the ECM 20 
and receives commands therefrom. The IDM 30 sends a 
precisely controlled current pulse to energiZe the solenoid of 
each injector 60. Such energiZation acts to port high pressure 
actuating ?uid to the intensi?er of the respective injector 60. 
The timing and duration of the IDM 30 pulse are controlled 
by the ECM 20. In essence, the IDM 30 acts like a relay. 
High Pressure Actuating Fluid Supply Pump 40 

The high pressure actuating ?uid supply pump 40 is a 
single stage pump and is in the prior art, typically a seven 
piston ?Xed displacement aXial piston pump and is driven by 
the engine. The high pressure actuating ?uid supply pump 
40 draWs in loW pressure actuating ?uid (most commonly 
engine oil, but other actuating ?uids could be used as Well) 
from the reservoir 46, elevates the pressure of the actuating 
?uid for pressuriZation of the accumulator or rail 42. The rail 
42 is plumbed to each injector 60. During normal engine 
operation, pump output pressure of the high pressure actu 
ating ?uid supply pump 40 is controlled by the rail pressure 
control valve (RPCV) 50, Which dumps eXcess ?oW back to 
the return circuit 44 to the reservoir 46. The reservoir 46 is 
at substantially ambient pressure and may be at the normal 
pressure of the lubricating oil circulating in the engine of 
about 50 psi. Pressures in the rail 42 for speci?c engine 
conditions are determined by the ECM 20. 
Rail Pressure Control Valve (RPCV) 50 

The RPCV 50 is an electrically operated dump valve, 
Which closely controls pump output pressure of the high 
pressure actuating ?uid supply pump 40 by dumping eXcess 
?oW to the return circuit 44 thence and to the reservoir 46. 
Avariable signal current from the ECM 20 to the RPCV 50 
determines output pressure of the pump 40. Pump output 
pressure is maintained anyWhere betWeen about 450 psi and 
3,000 psi during normal engine operation. When the actu 
ating ?uid is engine lubricating oil, pressure While cranking 
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2 
a cold engine (beloW 50 degrees is slightly higher 
because cold oil is thicker and components in the respective 
injectors 60 move sloWer. The higher pressure helps the 
injector 60 to ?re faster until the viscosity of the actuating 
?uid (oil) is reduced. 
HEUI Injector 60 

Injectors 60 of the HEUI type are knoWn and are repre 
sentatively described in US. Pat. Nos. 5,460,329 and 5,682, 
858, incorporated herein by reference. The injector 60 
includes an intensi?er piston and plunger, the actuating ?uid 
acting on the intensi?er to pressuriZe a volume of fuel acted 
upon by the plunger. The injector 60 uses the hydraulic 
energy of the pressuriZed actuating ?uid (preferably, lubri 
cating oil) to dramatically increase the pressure of the 
volume of fuel and thereby to cause injection. Actuating 
?uid is ported to the intensi?er by a valve controlled by a 
solenoid. The pressure of the incoming actuating ?uid from 
the rail 42 controls the speed of the intensi?er piston and 
plunger movement, and therefore, the rate of injection. The 
amount of fuel injected is determined by the duration of the 
pulse from the IDM 30 and hoW long it keeps the solenoid 
of the respective injector 60 energiZed. The intensi?er 
ampli?es the pressure of the actuating ?uid and elevates the 
pressure of the fuel acted upon by the plunger from near 
ambient to about 20,000 psi for each injection event. As long 
as the solenoid is energiZed and the valve is off its seat, high 
pressure actuating ?uid continues to translate the intensi?er 
and plunger to continuously pressuriZe fuel for injection 
until the intensi?er reaches the bottom of its bore. 

In the prior art fuel injection system 10, pressuriZed 
actuating ?uid is used to control the injected fuel quantity by 
using pressure ampli?cation in the injectors 60. As noted 
above, a pressure source (pump 40) pumps actuating ?uid to 
a pressure rail 42 (accumulator) Where pressure is regulated 
according to the engine load and speed requirement. The 
pressure regulation is done via the rail pressure control valve 
50 that dumps some of the pressuriZed actuating ?uid to 
ambient (reservoir 46) in order to maintain the desired 
pressure in the rail 42. 
Prior Art Rail RPCV 50 
The RPCV 50 is an electronically controlled, pilot oper 

ated valve. The basic components of the RPCV 50 are 
depicted in Prior Art FIG. 2 and include: 
Body 51 
Spool valve 52 
Spool spring 53 
Poppet 54 
Push pin 55 
Armature 56 
Solenoid 57 
Edge ?lter 58 
Drain Port 59 
The RPCV 50 controls pump outlet pressure of pump 40 

in a range betWeen about 450 and 3,000 psi. An electrical 
signal to the solenoid 57 from the ECM 20 creates a 
magnetic ?eld Which applies a variable force on the arma 
ture 56, shifting the poppet 54 to control pressure. With the 
engine off, the valve spool 52 is held to the right by the 
return spring 53 and the drain ports 59 are closed. 

Approximately 1,500 psi of oil pressure is required to start 
a relatively Warm engine. If the engine is cold (coolant 
temperatures beloW 32° F), 3,000 psi of oil pressure is 
typically commanded by the ECM 20. Initially, pump outlet 
pressure enters the end of the body 51 and a small amount 
of oil ?oWs into the spool valve 52 chamber through the pilot 
stage ?lter screen and control ori?ce in the end of the spool 



US 6,681,743 B2 
3 

valve 52. The electronic signal causes the solenoid 57 to 
generate a magnetic ?eld Which pushes the armature 56 to 
the right. The armature 56 exerts a force on the push pin 55 
and poppet 54 holding the poppet 54 closed alloWing spool 
chamber pressure to build. The combination of spool spring 
53 force and spool chamber pressure hold the spool valve 52 
to the right, closing the drain ports 59. All oil is directed to 
the pressure rail 42 until the desired pressure is reached. 

Once the engine starts, the ECM 20 sends a signal to the 
RPCV 50 to give the rail pressure desired. The injection 
control pressure sensor 22 monitors actual rail pressure. The 
ECM 20 compares the actual rail pressure to the desired rail 
pressure and adjusts the signal to the RPCV 50 to obtain the 
desired rail pressure. The pressure in the spool chamber is 
controlled by adjusting the position of the poppet 54 and 
alloWing it to bleed off some of the oil in the spool chamber 
through the drain port 59. The position on the poppet 54 is 
controlled by the strength of the magnetic ?eld produced 
from the electrical signal from the ECM 20. The spool valve 
52 responds to pressure changes in the spool chamber (left 
side of the spool) by changing positions to maintain a force 
balance betWeen the right and left side of the spool. The 
spool valve 52 position determines hoW much area of the 
drain ports 59 are open. The drain port 59 open area directly 
affects hoW much oil is bled off from the outlet of the pump 
40 and directly affects rail pressure in the rail 42. The 
process of responding to pressure changes on either side of 
the spool valve 52 occurs so rapidly that the spool valve 52 
is held in a partially open position and outlet pressure of the 
pump 40 is closely controlled by venting a signi?cant 
volume of the actuating ?uid out the drain ports 59 under 
certain engine operating conditions, primarily at the loWer 
engine load conditions. The RPCV 50 provides for substan 
tially in?nitely variable control of pump outlet pressure 
betWeen 450 psi and 3,000 psi. 

In the prior art, injection pressure is controlled With the 
electronically controlled pressure-regulating valve, RPCV 
50, as noted above. The hydraulic supply pump 40 is 
deliberately selected to provide eXcess output to ensure that 
the rail 42 is sufficiently supplied With actuating ?uid at the 
highest demand conditions of the engine (full load 
conditions). The RPCV 50 valve relieves high oil pressure to 
tank 46 (ambient) to maintain desired pressure in the rail 42 
at all engine conditions When the maximum actuating ?uid 
is not required. Typically, engines operate under full load 
only a very small percentage of the total operating time. This 
results in signi?cant Wasted pumping energy, Which has a 
signi?cant negative fuel economy effect on the engine. 
Further, during the injection event, the How consumption 
rate of the injector 60 eXceeds greatly the instantaneous 
pump ?oW recovery and causes large pressure drops in the 
rail 42. There is therefore a need to better control ?uid 
pressure in the fuel injection high-pressure rail 42 and 
compensate for large instantaneous ?uid ?oW requirements 
by the injectors 60. 

SUMMARY OF THE INVENTION 

The regulating valve of the present invention substantially 
meets the aforementioned needs. The regulating valve mini 
miZes the pressure drop in the rail caused by injection events 
and the time for pressure recovery. Effectively, the regulat 
ing valve advantageously lessens the requirements of oil 
displacement by both the high-pressure pump and rail siZe. 
Ultimately, the regulating valve of the present invention 
advantageously improves the stability of the fuel injection 
system (shot-to-shot and injector-to-injector variability). 

The regulating valve of the present invention stores oil at 
a loW pressure during the pressure regulating cycle rather 
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4 
than discharging it to ambient as in the prior art. The 
loW-pressure oil is then used to pressuriZe oil in the rail 
during the injection event. The ?oW-recovery regulating 
valve replaces the prior art injection pressure regulator 
valve, RCPV 50. 

The instant regulating valve is built on the principles of an 
RCPV With the addition of a dual acting piston and loW 
pressure relief. The main control spool of the RCPV is 
modi?ed to alloW a loW-pressure to vent scheduled transi 
tion during ?oW recovery. The dual acting piston is respon 
sible for the How recovery. The loW-pressure relief alloWs 
storage energy in the dual acting piston that is then made 
available to the rail 42 as needed by the actuators (injectors 

60). 
The main contributions of the regulating valve of the 

present invention are: 

(a) increase the pressure recovery rate in the fuel injection 
high-pressure oil rail folloWing an injection event; 

(b) decrease the pressure drop in the rail due to the 
injection event; 

(c) minimiZe the ?uid volume requirement for the rail; 
and 

(d) minimiZe the displacement requirement of the high 
pressure pump. 

Items (a) and (b) above directly affect the stability of 
shot-to-shot and injector-to-injector performance of the fuel 
injection system. Item (c) improves the package of the fuel 
injection system by minimiZing the physical siZe of the rail 
installed in an area of the engine in Which many engine 
components compete for a very limited space available. Item 
(d) improves the poWer output of the engine by lessening the 
poWer draW from the high pressure pump. 

The present invention is a pressure control valve assembly 
for controlling ?uid pressure to an actuator (such as fuel 
injectors or camless hydraulic actuators), the pressure con 
trol valve assembly being in ?uid communication With an 
actuating ?uid pump and being disposed intermediate the 
actuator and the pump. The invention includes an energy 
storage component, the energy storage component acting on 
a certain volume of actuating ?uid under pressure, the stored 
energy being selectively releasable to the actuator for aug 
menting the actuating ?uid pressure in the actuator. The 
present invention is further a method of control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of a prior art HEUI fuel system; 

FIG. 2 is a sectional vieW of a prior art RPCV; 

FIG. 3 is a schematic representation of the regulating 
valve of the present invention under conditions of no system 
pressure; 

FIG. 4 is a schematic representation of the regulating 
valve of the present invention under conditions of system 
pressure; and 

FIG. 5 is a schematic representation of the regulating 
valve of the present invention responsive to a quick oil 
demand. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The regulating valve of the present invention is shoWn 
generally at 100 in FIGS. 3—5. The regulating valve 100 
?uidly controls pressure in the accumulator rail 42 While at 
the same time compensating for large instantaneous ?uid 
?oW requirements due to injection events of the respective 
injectors 60. 
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The motivation for the regulating valve 100 is to mini 
miZe the displacement requirements of the pump 40 and the 
accumulator (rail) 42 siZe. High-pressure systems are 
designed around ?uid consumption requirements demanded 
by the actuation device 123 (injectors 60 and camless engine 
intake/exhaust valves 62). The instantaneous ?oWrate 
demand and the cycling rate, in conjunction With the par 
ticular speci?cations of the device, establish the siZe of the 
pump 40 displacement and the accumulator 42 siZe. Modern 
systems such as used in fuel injector 60 applications and 
hydraulic based camless intake/exhaust valve systems 62 
demand fast and immediate oil delivery and thus very large 
siZe pumps 40 and accumulators 42. HoWever, large dis 
placement pumps 40 often times yield loW ef?ciency and 
oversiZed accumulators 42 are hard to package in the limited 
real estate of an engine. Large displacement pumps 40 help 
the system meet the instantaneous ?oW requirements, mini 
mum pressure drop requirements in the accumulator 42 
during the actuation event and desired pressure recovery 
rates. HoWever, the instantaneous ?oW requirements are met 
at the eXpense of Wasting high pressure ?uid during the 
overall or average device cycle, Where ?uid is vented 
through a relief valve or an electronically regulated con 
trolled pressure valve 50 as noted With respect to the prior 
art above. The venting is required to keep pressure at the 
desired point While still having the capacity to meet the 
highest device demands. 

Generally, the regulating valve 100 of the present inven 
tion relies on a dual acting piston 125, described in more 
detail beloW, that operates according to a designed area 
schedule in a pressure regulator spool. The dual acting 
piston 125 comprises tWo coupled pistons 116, 126. The ?rst 
piston 116, spring loaded and of large area 119, is eXposable 
to relatively loW pressure. The second piston 126, of smaller 
area 120, is eXposable to the pressure high-pressure ?uid 
accumulator 103 (rail 42). 

All pressure relief performed by the regulating spool 105 
from the high-pressure accumulator 103 (rail 42 in the prior 
art injection system) is discharged to a loW-pressure reser 
voir 121, Where, after overcoming the force of the spring 118 
of the dual acting piston 125, compressing the spring 118 
results in energy stored at the pre-load potential of the spring 
118. When a large, immediate, demand for ?uid in the 
high-pressure accumulator 103 by the activation device 123 
takes place, the pressure drop forces the regulating spool 105 
to alloW full ?oW of oil from the pump 102 (40 in the prior 
art injection system) to the accumulator 103 (rail 42 in the 
prior art injection system). The spool 105 schedule is also 
designed to vent oil from the loW-pressure reservoir 121 and 
alloW the force of preloaded spring 118 to act on the loW area 
piston 126 eXposed to the high-pressure accumulator via 
passage 122. Fluid thus stored at loW potential during the 
portion of no valve actuation is used to pressuriZe the 
high-pressure accumulator 103 during actuation of the 
actuation device 123. 
More particularly, FIG. 3 shoWs the main components of 

the system in reference to a tank volume 101 at substantially 
atmospheric conditions, pump 102, and high-pressure accu 
mulator 103. The regulating valve 100 arrangement is com 
posed of a regulator spool housing 104 and spool 105, 
loW-pressure relief valve housing 110 and piston 111, and a 
coupled dual acting piston 125 contained Within a housing 
115. The dual acting piston 125 is responsible for the ?oW 
and pressure recovery as described beloW. 

The regulating spool 105 adjusts the pressure in the 
high-pressure accumulator 103. Fluid at ambient conditions 
form reservoir 101 is pressuriZed by a pump 102 and piped 
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6 
into the high-pressure accumulator 103. The pressure is 
regulated by the spool spring 106 set by a variety of 
methods, one of Which is shoWn as the preload length 107 
depicted on FIG. 3, Which effects a knoWn preload on the 
spring 106. Fluid from the accumulator 103, through pas 
sage 122, exerts a force on the spool face 108 and com 
presses the spring 106. Fluid in the high-pressure accumu 
lator 103 is thus relieved to the loW-pressure passage 121 
through openings in the spool 104a and 104b as the spool 
105 is moved upWard by the actuating ?uid pressure force 
acting on surface 108. The opening 104d in the spool 
housing 104 is open (as depicted in FIG. 3) When pressure 
in the accumulator 103 is loW. OtherWise, during typical 
pressure regulating activity, opening 104d is closed. Open 
ing 104c is open and connects to ambient. With no system 
pressure, the regulator spool 105 is resting against stop 109. 

Pressure in volume 121 is at a loWer level than in the 
high-pressure accumulator 103, and is set to a loWer value 
than the required loW-level speci?cation for the high 
pressure accumulator 103. The pressure in volume 121 is 
controlled via a loW-pressure regulator valve 127 depicted in 
housing 110 and having a spool 111. Pressure is controlled 
by the preload and stiffness of the spring 114 acting on the 
spool 111. Fluid forces act on the surface area 112 of spool 
111. Relief ?oW eXits through opening 111a to tank 101. 
With no system pressure, the spool 11 is resting against stop 
113, as depicted in FIG. 3. 

LoW-pressure ?uid in chamber 121 acts against surface 
119 of the dual acting piston 125 (translatably positioned 
Within housing 115) against spring 118. Surface 120 of the 
dual acting piston 125 is eXposed to the same high-pressure 
?uid of accumulator 103 through passage 122. Displacing 
the dual acting piston 125 by high-pressure ?uid acting 
simultaneously on surfaces 119, 120 against the bias of the 
spring 118 effectively stores energy. The energy stored in the 
spring 118 is then used to generate ?oW and pressure When 
large consumptions occur due to system requirements 123 
such as fuel injector valves and camless valves, as described 
beloW. With no system pressure the dual acting piston 125 
is resting against stop 117. The surface area at 120 is 
designed so the spring force of spring 118 yields suf?cient 
pressure on the actuating ?uid in passage 122 during recov 
ery. 
Operation 

FIG. 3 shoWs the arrangement With no system pressure. 
The regulator spool 105 is up against its stop 109 due to the 
bias of the spring 106. Similarly the loW-pressure relief 
spool 111 is against its seat 113 and the dual acting piston 
116 is against it stop 117. The folloWing ?gures shoW the 
operation of the device When the pump 102 is activated. 

FIG. 4 shoWs the regulator spool 105 under pressure load 
on surface 108. Equilibrium is maintained betWeen the 
pressure load and the spring force of spring 106 by the relief 
opening 104a in the housing 104. Fluid is discharged 
through opening 104b to passage 121. The pressure in 
passage 121 is controlled via the loW-pressure relief spool 
111. FIG. 4 shoWs the area opening 111a in the housing 111, 
self-adjusted to maintain the proper loW-pressure setting, 
determined by the spring 110. The ?uid in the loW-pressure 
passage 121 acts on surface 119 and forces the dual acting 
piston 116 against the spring 118, translating the piston 125 
and compressing the spring 118. High-pressure ?uid, acting 
on surface 120 also contributes to the translational displace 
ment of the dual acting piston 116. In this arrangement, the 
system has energy stored in the compressed spring 118 
Which is available for use When there is a sudden request of 
oil from the high-pressure accumulator 103, as is explained 
beloW. 
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FIG. 5 shows the response of the regulator spool 105 to 
a quick oil demand from device 123. Pressure drops in 
passage 122. The spring 106 quickly shifts the regulator 
spool 105 doWnWard to close the relief port 104a When the 
quick oil demand of device 123 eXceeds the pump displace 
ment of the pump 102. All the oil available from the pump 
102 is used to ?ll the high-pressure accumulator 103. Under 
these conditions, port 104d opens and vents the ?uid in 
section 121 to the ambient tank 101 via port 104c and 
passage 128. FIG. 5 shoWs the corresponding position of the 
spool 111 of the loW-pressure relief valve 127 as the pressure 
in passage 121 is vented. The drop in pressure in passage 
121 results in spring 114 shifting the valve 111 doWnWard, 
closing off the port 111a. With the venting of ?uid pressure 
in passage 121, the spring 118 is noW is capable of displac 
ing the dual acting piston 125, since pressure on surface 119 
is near atmospheric. The energy of the compressed spring 
118 is therefore transferred to build pressure on surface 120 
and thus build pressure on the high-pressure accumulator 
103 via passage 122, thereby recovering pressure (energy) 
that otherWise Would have been lost. This pressure is trans 
ferred directly to the accumulator 103 for use by the actu 
ating device 123. Such recovery permits reducing the vol 
ume of the accumulator 103 and reducing the displacement 
of the pump 102 While effecting the same actuation of the 
actuating device 123. 

It Will be obvious to those skilled in the art that other 
embodiments in addition to the ones described herein are 
indicated to be Within the scope and breadth of the present 
application. Accordingly, the applicant intends to be limited 
only by the claims appended hereto. 
What is claimed is: 
1. A rail pressure control valve (RPCV) assembly for 

controlling pressure in an accumulator, the accumulator 
being a rail conveying an actuating ?uid, the RPCV assem 
bly being in ?uid communication With an actuating ?uid 
pump and the rail, comprising: 

an energy storage component being charged by ?uid 
pressure from the rail, the energy storage component 
acting on a certain volume of actuating ?uid under 
pressure, the stored energy being selectively discharge 
able to the rail for augmenting the actuating ?uid 
pressure in the rail When a drop in ?uid pressure is 
experienced in the rail due to a fuel injection event. 

2. The RPCV assembly of claim 1, the energy storage 
component increasing an energy recovery rate in the rail 
folloWing an event that demands a supply of actuation ?uid 
from the rail. 

3. The RPCV assembly of claim 1, the energy storage 
component decreasing a pressure drop in the rail folloWing 
an event that demands a supply of actuation ?uid from the 
rail. 

4. The RPCV assembly of claim 1, the energy storage 
component acting to supplement a reduced rail volume With 
a volume of actuating ?uid under pressure. 

5. The RPCV assembly of claim 4, the energy storage 
component Where the supplemental volume of actuating 
?uid under pressure cooperates With a minimized displace 
ment actuating ?uid pump to satisfy rail actuating ?uid 
volume and pressure requirements. 

6. The RPCV assembly of claim 1, the energy storage 
component having a ?uid storage volume for storing actu 
ating ?uid at a certain pressure. 

7. The RPCV assembly of claim 6, ?uid pressure in the 
?uid storage volume being controlled by a loW-pressure 
regulator valve, the loW-pressure regulator valve being dis 
posed intermediate and in ?uid communication With a 
substantially ambient pressure reservoir and the ?uid storage 
volume. 
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8. The RPCV assembly of claim 7, the loW-pressure 

regulator valve being controlled by a preload and a stiffness 
of a spring, the spring acting to bias a spool. 

9. The RPCV assembly of claim 8, the loW-pressure 
regulator valve spool having a surface being eXposed to the 
actuating ?uid in the ?uid storage volume, ?uid pressure 
acting on the spool surface generating a force in opposition 
to the preload and a stiffness of the spring. 

10. The RPCV assembly of claim 7, the loW-pressure 
regulator valve controlling ?uid pressure in the ?uid storage 
volume to a pressure that is less than a required loW-level 
pressure speci?cation for the rail. 

11. The RPCV assembly of claim 6, the ?uid storage 
volume being formed in part by an actuating surface of a 
translatable piston. 

12. The RPCV assembly of claim 11, the ?uid storage 
volume being variable. 

13. The RPCV assembly of claim 6, the ?uid storage 
volume being formed in part by a ?rst actuating surface of 
a dual acting piston, the dual acting piston ?rst actuating 
surface being in ?uid communication With the ?uid storage 
volume and a dual acting piston second actuating surface 
being selectively ?uidly communicable With actuating ?uid 
in the rail. 

14. The RPCV assembly of claim 13, ?uid pressure acting 
on the dual acting piston ?rst actuating surface acting in 
cooperation With ?uid pressure acting on the second actu 
ating surface to translate the piston in a ?rst direction. 

15. The RPCV assembly of claim 14, a spring exerting a 
bias on the dual acting piston in a second opposed direction 
relative to the ?uid pressure acting on the dual acting piston 
?rst actuating surface. 

16. The RPCV assembly of claim 13, the dual acting 
piston ?rst actuating surface having an area that is substan 
tially greater than the second actuating surface area. 

17. The RPCV assembly of claim 13, the energy storage 
component acting on a certain volume of actuating ?uid 
under pressure, the stored energy being selectively dis 
chargeable to the rail for augmenting the actuating ?uid 
pressure in the rail Without adding a volume of ?uid to the 
rail. 

18. Apressure control valve assembly for controlling ?uid 
pressure to an actuator, the pressure control valve assembly 
being in ?uid communication With an actuating ?uid pump 
and an actuator accumulator, the accumulator being selec 
tively in ?uid communication With the actuator, comprising: 

an energy storage component being charged by ?uid 
pressure from the actuator accumulator, the energy 
storage component acting on a certain volume of actu 
ating ?uid under pressure, the stored energy being 
selectively dischargeable to the actuator accumulator 
for augmenting the actuating ?uid pressure to the 
actuator accumulator betWeen fuel injection events. 

19. The pressure control valve assembly of claim 18, the 
energy storage component increasing an energy recovery 
rate of actuating ?uid available to the actuator folloWing an 
event that demands a supply of actuation ?uid to the 
actuator. 

20. The pressure control valve assembly of claim 18, the 
energy storage component decreasing a pressure drop in 
actuating ?uid pressure available to the actuator accumulator 
folloWing an event that demands a supply of actuation ?uid 
to the actuator. 

21. The pressure control valve assembly of claim 18, the 
energy storage component acting to supplement a reduced 
actuating ?uid pressure in the actuator accumulator With 
increased actuating ?uid pressure With out the addition of 
volume of actuating ?uid to the actuator accumulator. 
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22. The pressure control valve assembly of claim 21, the 
energy storage component Where the supplemental actuating 
?uid pressure cooperates With a minimized displacement 
actuating ?uid pump to satisfy actuating ?uid pressure 
requirements of the actuator. 

23. The pressure control valve assembly of claim 18, the 
energy storage component having a ?uid storage volume for 
storing actuating ?uid at a certain pressure. 

24. The pressure control valve assembly of claim 23, ?uid 
pressure in the ?uid storage volume being controlled by a 
loW-pressure regulator valve, the loW-pressure regulator 
valve being disposed intermediate and in ?uid communica 
tion With a substantially ambient pressure reservoir and the 
?uid storage volume. 

25. The pressure control valve assembly of claim 24, the 
loW-pressure regulator valve being controlled by a preload 
and a stiffness of a spring, the spring acting to bias a spool. 

26. The pressure control valve assembly of claim 25, the 
loW-pressure regulator valve spool having a surface being 
eXposed to the actuating ?uid in the ?uid storage volume, 
?uid pressure acting on the spool surface generating a force 
in opposition to the preload and a stiffness of the spring. 

27. The pressure control valve assembly of claim 24, the 
loW-pressure regulator valve controlling ?uid pressure in the 
?uid storage volume to a pressure that is less than a required 
loW-level pressure speci?cation for the actuator accumula 
tor. 

28. The pressure control valve assembly of claim 23, the 
?uid storage volume being formed in part by an actuating 
surface of a translatable piston. 

29. The pressure control valve assembly of claim 28, the 
?uid storage volume being variable. 

30. The pressure control valve assembly of claim 23, the 
?uid storage volume being formed in part by a ?rst actuating 
surface of a dual acting piston, the dual acting piston ?rst 
actuating surface being in ?uid communication With the 
?uid storage volume and a dual acting piston second actu 
ating surface being selectively ?uidly communicable With 
actuating ?uid in the actuator. 

31. The pressure control valve assembly of claim 30, ?uid 
pressure acting on the dual acting piston ?rst actuating 
surface acting in cooperation With ?uid pressure acting on 
the second actuating surface to translate the piston in a ?rst 
direction. 

32. The pressure control valve assembly of claim 31, a 
spring eXerting a bias on the piston in a second opposed 
direction relative to the ?uid pressure acting on the dual 
acting piston ?rst actuating surface. 

33. The pressure control valve assembly of claim 30, the 
dual acting piston ?rst actuating surface having an area that 
is substantially greater than the second actuating surface 
area. 

34. The pressure control valve assembly of claim 30, the 
energy storage component acting on a certain volume of 
actuating ?uid under pressure, the stored energy being 
selectively dischargeable to the actuator accumulator for 
augmenting the actuating ?uid pressure in the actuator 
accumulator Without adding a volume of ?uid to the actuator 
accumulator. 

35. The pressure control valve assembly of claim 18, 
Wherein the actuator is at least one of a fuel injector and a 
hydraulically-actuated, intensi?ed fuel injector. 

36. The pressure control valve assembly of claim 18, 
Wherein the stored energy is selectively dischargeable to the 
actuator accumulator to augment the actuating ?uid pressure 
to the actuator accumulator betWeen consecutive fuel injec 
tion events to minimiZe at least one of ?uid pressure drop 
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caused by fuel injection events in a rail operatively coupled 
to the energy component and time for pressure recovery in 
the rail. 

37. The pressure control valve assembly of claim 18, 
Wherein the actuator is a camless engine intake/exhaust 
valve. 

38. A method of controlling actuating ?uid pressure in an 
accumulator, the accumulator being in ?uid communication 
With an actuating ?uid pump and With at least one actuator, 
comprising: 

charging an energy storage component With ?uid pressure 
from the accumulator; 

after a fuel injection event, detecting an actuating ?uid 
pressure drop; 

acting on a certain volume of actuating ?uid under 
pressure by means of energy charged on the energy 
storage component; and 

selectively discharging energy to the accumulator for 
augmenting the actuating ?uid pressure to the actuator 
prior to a subsequent fuel injection event. 

39. The method of claim 38, the energy storage compo 
nent increasing an energy recovery rate of actuating ?uid 
available to the actuator folloWing an event that demands a 
supply of actuation ?uid to the actuator. 

40. The method of claim 38, including decreasing a 
pressure drop in actuating ?uid available to the actuator 
folloWing an event that demands a supply of actuation ?uid 
to the actuator. 

41. The method of claim 38, including supplementing a 
reduced actuating ?uid pressure With increased actuating 
?uid pressure With out the addition of volume of actuating 
?uid. 

42. The method of claim 41, including satisfying actuator 
actuating ?uid pressure requirements of the actuator by the 
supplemental actuating ?uid pressure cooperating With a 
displacement of a minimiZed displacement actuating ?uid 
pump. 

43. The method of claim 38, including storing actuating 
?uid at a certain pressure in a ?uid storage volume. 

44. The method of claim 43, including controlling ?uid 
pressure in the ?uid storage volume by a loW-pressure 
regulator valve, the loW-pressure regulator valve being dis 
posed intermediate and in ?uid communication With a 
substantially ambient pressure reservoir and With the ?uid 
storage volume. 

45. The method of claim 44, the loW-pressure regulator 
valve being controlled by a preload and a stiffness of a 
spring, the spring acting to bias a spool. 

46. The method of claim 45, including exposing a loW 
pressure regulator valve spool surface to the actuating ?uid 
in the ?uid storage volume and generating a force in 
opposition to the preload and a stiffness of the spring by the 
?uid pressure acting on the spool surface. 

47. The method of claim 44, including controlling ?uid 
pressure in the ?uid storage volume to a pressure that is less 
than a required loW-level pressure speci?cation for the 
actuator by means of the loW-pressure regulator valve. 

48. The method of claim 43, including forming the ?uid 
storage volume in part by an actuating surface of a trans 
latable piston. 

49. The method of claim 48, including variably forming 
the ?uid storage volume. 

50. The method of claim 43, including forming the ?uid 
storage volume in part by an actuating surface of a dual 
acting piston, ?uidly communicating a dual acting piston 
?rst actuating surface With the ?uid storage volume and 
?uidly communicating a dual acting piston second actuating 
surface With actuating ?uid in the accumulator. 
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51. The method of claim 50, including translating the dual 
acting piston in a ?rst direction by the ?uid pressure acting 
on the dual acting piston ?rst actuating surface acting in 
cooperation With ?uid pressure acting on the second actu 
ating surface. 

52. The method of claim 51, including eXerting a spring 
bias on the piston in a second opposed direction relative to 
the ?uid pressure acting on the dual acting piston ?rst 
actuating surface. 

53. The method of claim 50, the dual acting piston ?rst 
actuating surface having an area that is substantially greater 
than the second actuating surface. 

54. The method of claim 50, including selectively releas 
ing the stored energy to the actuator for augmenting the 
actuating ?uid pressure in the accumulator Without adding a 
volume of ?uid to the accumulator. 

55. The method of claim 38, including de?ning the 
actuator as at least one of a fuel injector and a hydraulically 
actuated, intensi?ed fuel injector. 

56. The method of claim 28, Wherein the step of discharg 
ing energy minimizes at least one of ?uid pressure drop 
caused by fuel injection events in a rail operatively coupled 
to the energy component and time for pressure recovery in 
the rail. 

57. The method of claim 38 including de?ning the actua 
tor as a camless engine intake/exhaust valve. 

58. The pressure control valve assembly of claim 18 
including a regulating valve 104 being in ?uid communica 
tion With the accumulator. 

59. The pressure control valve assembly of claim 58, the 
regulating valve selectively relieving pressure in the accu 
mulator to a loW-pressure reservoir (next to 119). 

60. The pressure control valve assembly of claim 59, the 
loW-pressure reservoir being de?ned in part by a ?rst 
actuating surface 119 of a dual acting piston. 
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61. The pressure control valve assembly of claim 60, ?uid 

pressure in the loW-pressure reservoir acting on the ?rst 
actuating surface of the dual acting piston to compress a 
spring, energy being stored at the pre-load potential of the 
spring. 

62. The pressure control valve assembly of claim 61, the 
regulating valve acting to selectively vent ?uid pressure in 
the loW-pressure reservoir, the venting acting to release the 
energy being stored at the pre-load potential of the spring to 
augment the pressure in the accumulator. 

63. The pressure control valve assembly of claim 62, the 
released the energy stored at the pre-load potential of the 
spring acting to eXert a pressure on a dual acting piston 
second actuating surface, the dual acting piston second 
actuating surface being in ?uid communication With the 
accumulator. 

64. The pressure control valve assembly of claim 63, the 
pressure acting on the dual acting piston second actuating 
surface acting to pressuriZe the accumulator during actuation 
of the actuator. 

65. The pressure control valve assembly of claim 59, 
pressure in the loW-pressure reservoir being controlled by a 
loW-pressure regulator valve. 

66. The pressure control valve assembly of claim 65, the 
loW-pressure regulator valve maintaining pressure in the 
loW-pressure reservoir at a loWer value than a required 
loW-level speci?cation for the accumulator. 

67. The pressure control valve assembly of claim 66, the 
loW-pressure regulator valve having a spool, pressure in the 
loW-pressure reservoir being regulated by knoWn bias acting 
on the spool. 


